Objective: To examine changes in energetic parameters and nutritional status of chronically malnourished lactating women over a period of 13 months postpartum. Design: A study of 15 lactating Bangladeshi mothers, of whom eight were tea pluckers and seven housewives, was conducted over a 13 months period from the birth of the child. Anthropometric measurements and body composition were determined on ®ve occasions (at 3.5, 5.5, 7.5, 10 and 13 months) and energy expenditure (heart rate monitoring method), and energy intake (3-day weighing) on three occasions at 3.5, 10 and 13 months. Results: The mothers, all of whom were of low BMI (range 14.9 ± 18.1 kgam 2 at the end of the study) undertook high levels of physical activity (pluckers more so than housewives). There was evidence of weight loss over the 13 months, particularly between the fourth and sixth months postpartum, mainly due to a signi®cant decrease in fat-free mass. Food intake and expenditure were higher in pluckers than housewives but energy balance was not signi®cantly different, although workers were, on average, in negative balance on all three occasions. Food intake was based on cereals and fat de®cient. Conclusions: A Bangladeshi sample of breast-feeding mothers studied over 13 months postpartum showed evidence of chronic malnutrition with women living on very low fat diets. All mothers, either housewives or tea pluckers were involved in energy demanding activities. There was a general tendency towards negative energy balance. Mothers lost weight, mainly fat-free mass over the study period. Descriptors: energy balance; lactation; chronically malnourished women; repeated measurements of energy expenditure; energy intake; body composition
Introduction
There is considerable interest in assessing energy intake, energy expenditure and energy balance in free-living populations as well as measuring changes in the same subjects over time. It is recognized that the measurement of energy intake and expenditure is fraught with dif®culty. Ulijaszek (1995) has reviewed the energy intake techniques, which mainly focus on weighed food consumption, 24 h dietary recall, food record and food frequency methods. However there is no single, ideal method (Gibson, 1990) and those used depend upon desired reliability, logistics and on costs. The main energy expenditure methods are activity diaries (time allocation), indirect calorimetry, heart rate monitoring and doubly-labelled water (DLW). DLW is considered the`gold standard' for ®eld work studies but it is very expensive and is not applicable for large samples.
Recently, attention has focussed on lactating women and a number of studies have investigated their energy expenditure and body composition (Goldberg et al, 1991; Adair & Popkin, 1992; Forsum et al, 1992; Guillermo-Tuazon et al, 1992; Piers et al, 1995; Dewey, 1998; Butte et al, 1997 Butte et al, ,1999 Krebs et al, 1997; Motil et al, 1998; Spurr et al, 1998) . However there have been few longitudinal studies beyond 6 months post-partum (cf Lawrence et al, 1986) and most of the subjects were well-nourished mothers (van Raaij et al, 1990; Adair & Popkin, 1992; Motil et al, 1998) .
The energy cost of human lactation is generally considered to represent a substantial drain on maternal nutritional metabolism (Lunn, 1996) . Lactation is a high energydemanding phase of the human reproductive cycle entailing an increase of 25% in energy cost above the non-lactating requirement (Lunn, 1996 ). An energy de®cit may be met by an increase in energy intake (EI), a mobilization of body fat reserves, a reduction in total energy expenditure (TEE) or an increase in metabolic ef®ciency. In developing countries, the extra energy cost of lactation is imposed upon a limited food supply, and lactating women may not have the possibility of increasing their energy intake very much.
In developing countries, especially in rural areas, women are expected to resume their normal agricultural and household tasks shortly after delivery and it is unlikely that reduction in TEE can occur. Weight loss of about 500 gamonth is usual during lactation and fat mass loss has been observed during lactation among tropical populations (Adair & Popkin, 1992; Guillermo-Tuazon et al, 1992) and among women from developed countries with maternal caloric restriction (Dewey, 1998) . Furthermore, observed fat-mass losses during lactation are often substantially smaller than the supposed fat mobilization used in the calculations of recommendations (Butte et al, 1984; . These observations lead to the alternative possibility of energy-sparing mechanisms in lactating women from developing countries, resulting from either a decrease in basal metabolic rate (BMR) or an increase in work ef®ciency. Evidence for energy-sparing mechanisms is con¯icting. Some authors reported a lower BMR (Guillermo-Tuazon et al, 1992) or an increased muscular ef®ciency (Spurr et al, 1998) , while other studies did not show any energetic adaptation as a response to an energy de®cit (Frigerio et al, 1991; Beall et al, 1996; Butte et al, 1997; Ferro-Luzzi et al, 1997) . Recently Shetty (1999) has questioned the metabolic adaptation of undernourished people.
This paper examines changes in energetic parameters and nutritional status of lactating women living in a poor rural area in Bangladesh over a period of 13 months postpartum. The speci®c aims of this study were to: (1) measure food intake, energy expenditure and energy balance; (2) detect whether any changes in energy balance occurred over the study period and, if so, the impact on maternal body composition; and (3) test whether there was consistency between two groups of women, one employed as tea pluckers and the other as housewives living in the same area.
Materials and methods
Fieldwork was conducted on a sample of 15 Bangladeshi women living in two rural tea gardens belonging to the same company in the north-east of the country. These women comprised a 10% random sub-sample of the 150 mothers whose duration of post-partum amenorrhoea was being investigated. The women were all recruited between February and June 1996, in the week following delivery of their baby. They were all still breast-feeding to some degree at 13 months and the median duration of exclusive breast-feeding was about 4 months. In addition the mothers were non-users of hormonal contraception throughout the 13 month study period. Of the 15 women, eight were employed in the tea estate as tea pluckers; the other women were housewives, living in the same geographical location because their husband or some other family member was employed by the tea company. The tea workers, mainly 6th or 7th ancestors of Indian migrants, are paid on a weekly basis and they receive extremely modest wages (about 40 US centsaday). The company provides them with free housing, health care and schooling inside the tea estate. Nevertheless the degree of illiteracy is extremely high and both adults and children show evidence of poor nutritional status. Informed consent was obtained from all subjects after the purposes and their involvement in the study was explained.
Total energy expenditure and energy intake was obtained simultaneously at 3.5, 10 and 13 months postpartum. Total energy expenditure was determined using the heart rate monitoring method. Twenty-four hour heart rate was recorded using a monitor (BHL-6000, Baumann & Haldi, Switzerland) and the stored heart rate was the mean of eight consecutive beats. The subjects wore three electrodes on the thorax which were linked to a miniaturized heart rate recorder ®tted into their clothes. A calibration curve of heart rate against oxygen consumption (V Á O 2 ) was established for each subject, V Á O 2 measurement was determined using the Douglas bag method of indirect calorimetry. The oxygen content in the expired gas samples was measured with a portable oxygen meter (Servomex A340, UK) and corrected taking into account standard temperature and pressure. The subjects lay down on a bed for 30 min before the resting heart rate and V Á O 2 were measured. The measurements were repeated with the subject sitting and standing. Then they performed graded stepping tests with four levels of dif®culty (6, 10, 20 and 30 stepsamin) . Each test lasted 7 min with the ®nal 4 min being recorded. The step was 17 cm high because the traditional clothes, saris, do not allow wide leg movements. The¯ex point was calculated as the average of the highest measured resting heart rate and the lowest active heart rate and the mean value obtained was 90 + 12 beatsamin (Spurr et al, 1988) . This step height required signi®cant effort and during the highest level of the stepping test, the mean heart rate reached 133 + 18 beatsamin (range 101 ± 160). To determine total energy expenditure from the 24 h records, three categories of activities were de®ned. During sleep, the BMR was calculated using Scho®eld's equations (1985) . During waking time, heart rates below the¯ex point were converted into V Á O 2 by using the average of the V Á O 2 measured during the three resting positions, whereas heart rates equal to or above the¯ex point were converted into V Á O 2 by using the regression equation elaborated with the step test values. The energetic equivalent of 20.87 kJalO 2 was used to calculate the expended energy.
It was based on a food quotient (FQ) of 0.95 determined from the food survey. The BMR measured by Douglas bag method on 10 lactating Bangladeshi women who lived in a poor inner urban area of Dhaka was compared with the BMR predicted from both Scho®eld's and Henry and Rees's equations (Rashid, 1996) . The predicted BMR values from Scho®eld's equation overestimated the measured BMR, on average by 2.9%, while Henry and Rees's equation underestimated the measured BMR by 4.6%. Considering these results, Scho®eld's equation was chosen for the prediction of BMR in this study. Food intake was assessed by weighing on 3 days randomly chosen during the same week as the total energy expenditure measurements. Food intakes were measured at 3.5, 10 and 13 months postpartum. Two assistants who lived in the tea gardens were intensively trained in the required techniques of weighing and recording every food item. The assistants followed each subject from waking to sleeping. They were trained to weight every ingredient before food processing with a kitchen scale and to record every food item. They weighed individual cooked food consumed and the leftovers, which were subtracted from the weight of serving. Each family member ate from an individual plate. Food consumed outside meals was also weighed and recorded by the assistants. The energy content of the diet was determined using the food-composition tables for the Indian population (Gopolan et al, 1989) .
All anthropometric measurements were taken on ®ve occasions by the same two female assistants using standard techniques (Lohman et al, 1988) . The timing of measurements was based on the date of birth of the infant. Height was measured with a portable stadiometer (Sieber Hegner & Co., France) and body weight with a medical mechanical scale + 20 g precision (Testu, Paris, France). The subjects were bare-footed and lightly clothed (a standard set of clothes was weighed for each subject and the weights reported here are corrected for clothing). Body mass index (BMI, kgam 2 ) was calculated from height and weight measurements. Mid-upper-arm-circumference was Energy balance in lactating Bangladeshi women S Vinoy et al measured with a tape. Measurements of skinfold thickness were taken on four sites (biceps, triceps, subscapular and suprailiac) using a calibrated Holtain skinfold calliper. The measurements were made on the left side, all subjects being right-handed. The percentage of fat mass, fat mass weight and fat-free mass were calculated using the equation based on the sum of the four skinfolds (Durnin & Womersley, 1974) . Data are presented as mean + s.d. since tests revealed no signi®cant departures from normality. Repeated measures analysis of variance were used to examine the longitudinal energetic and anthropometric changes within and between lactating women. Energy intake and expenditure were measured at 3.5, 10 and 13 months postpartum and the anthropometric measurements at 3.5, 5.5, 7.5, 10 and 13 months postpartum. Statistical signi®cance was accepted at the 5% level. Data were analysed using SPSS for Windows statistical package (version 6.1 ± 9.0; SPSS Inc., Chicago).
Results
The 15 lactating mothers ranged in age from 19 to 36 y with a mean of 28.3 + 5.6 y. Two women were nulliparous, seven had between one and three previous pregnancies and six had more than three, with a mean of 2.9 + 2.1 pregnancies per woman and a mean number of living children at the time of delivery of 2.1 + 1.5 (0 ± 5). None of the mothers had attended school; 14 subjects were Hindu and one was Muslim. Table 1 presents the means and standard deviations of the anthropometric and body composition variables at the ®ve sessions. Repeated measures analysis indicated signi®-cant within-subject variability over time for four variables, namely body weight, BMI, fat-free mass and suprailiac skinfold thickness. The main decrease in body weight, BMI and fat-free mass occurred between 3.5 and 5.5 months and thereafter the measurements remained more stable. During the study the mothers' weight fell by, on average, 1.3 kg, BMI by 0.6 and fat-free mass 0.8. The World Health Organization (1995) proposed a BMI of 17.0 as the cutoff value for chronic malnutrition. At 3.5 months, ®ve mothers had a BMI under 17.0, increasing to nine between 5.5 and 10 months, and falling to eight mothers at 13 months. Suprailiac thickness changes did not show the same trend; the decline in thickness began after 5.5 months and at 13 months postpartum averaged 1.3 mm lower than at 3.5 months.
Information on total energy expenditure (TEE), energy intake, energy balance, BMR and physical activity level (PAL) are presented in Table 2 . TEE measured in lactating women includes the energetic cost of milk synthesis but not milk energy output. TEE was signi®cantly correlated with body weight (r 0.50, P`0.001) and fat-free mass (r 0.64, P`0.001) but no signi®cant within-subject changes were found. BMR (calculated by using Scho®eld equations) did not vary signi®cantly across the three sessions either which is to be expected since BMR to some degree re¯ects body mass. However energy intake was found to vary signi®cantly and there was a marked increase at 13 months postpartum. Energy balance which was calculated as the difference between energy intake and TEE, was negative at 3.5 and 10 months (7242 + 2076 and 7419 + 2010 kJaday, respectively), and was positive at 13 months ( 402 + 2253 kJaday). The failure to show signi®cant differences is probably due to the high variance and small sample size. The energy balance¯uctuations are Energy balance in lactating Bangladeshi women S Vinoy et al more dependent on energy intake changes than on total energy expenditure modi®cation at each session of measurements. Energy balance was signi®cantly correlated with body weight (r 70.33, P`0.05) and with fatfree mass (r 70.43, P`0.01). BMI was not correlated with either TEE or energy balance but was signi®cantly correlated with fat mass but not with fat-free mass. The energy composition of the diet was 82% carbohydrates, 11 ± 12% protein and 7% fat during the 13 months of the study (Table 3) . Cereals provided most of the protein intake (77 ± 81%), the main other source being lentils. Animal proteins were almost never consumed, eggs and milk were either consumed by children or kept to be sold. On the few occasions when meat or ®sh were cooked, they were always mixed in with a vegetable curry and so provided only a very small amount of animal protein on an individual basis. Carbohydrates and ®bre increased signi®cantly at 13 months to 460 + 54 and 36 + 5 g respectively. Fibre intake was high, with a mean range of 31 ± 36 gaday over the 13 months postpartum. Compared to the food recommendation for Indian lactating women (Gopolan et al, 1989) , protein intake, either absolute or as a proportion of energy intake, was within the recommended range, whilst fat intake was extremely low. The recommendation for Indian lactating women took into account the quality of the traditional Indian diet, which is based on cereals. The recommended protein allowance based on a net protein utilization of 65 was 45 gaday with an extra requirement for lactating women of 25 g up to 6 months and 18 g between 6 and 12 months postpartum. The recommended dietary fat allowance for lactating Indian women was 45 gaday up to 12 months postpartum based on the total invisible fat content of cereal-based diets and the minimum essential fatty acids requirements. The recommended dietary fat allowance corresponded to 20% of energy intake, whereas in this study the mean fat intake was 16 gaday corresponding to 7% of energy intake.
Comparisons between tea pluckers and housewives were undertaken. No signi®cant differences in age were found between the two groups, nor were there any signi®cant differences between the groups for any of the anthropometric or body composition variables (Table 4 ). However (Gopolan et al, 1989) : protein intake up to 6 mo 70 gaday after 6 mo 63 gaday; fat intake 45 gaday. NS non signi®cant. Energy balance in lactating Bangladeshi women S Vinoy et al repeated measures analysis using tea pluckers and housewives as the contrast variable showed that overall there were some signi®cant differences between the two groups after allowing for the within-subject variability over time (Table 5) . Analyses (not shown) of individual time periods using both parametric and non-parametric tests did not provide any further insight. TEE was signi®cantly higher in pluckers (P`0.001, Figure 1 ), particularly at 3.5 and 13 months postpartum. Pluckers spent more time above thē ex point than the housewives during the diurnal period at 3.5 and 13 months postpartum (48 + 20% vs 35 + 17% and 47 + 12% vs 38 + 19%, respectively), but the differences were not signi®cant, and both groups spent the same proportion of time sleeping (28 + 4% and 31 + 4% at 3.5 and 13 months postpartum, respectively). The PAL of the pluckers was also higher, most noticeably at 13 months, while BMR did not differ between groups. Evidence of higher PALs of pluckers was also obtained from the minute-by-minute observations. At 13 months between 08:00 and 16:00, the main part of the daily working time, the tea pluckers spent more time above¯ex point than the housewives (73 + 25% vs 58 + 34%, respectively): when the pluckers went to work, they spent 73% of their time plucking tea or carrying the tea-leaf bag, while the housewives spent 60% of their time looking after the new-born and doing the housework. Energy intake was higher among pluckers (mainly due to higher protein, carbohydrate and ®bre intake, results not shown), but energy balance was not found to vary signi®cantly, although energy balance in the plucking group remained negative throughout the study period, whereas it was positive in housewives at 3.5 and 13 months postpartum.
Discussion
A number of recent studies have investigated various aspects such as energy expenditure or body composition in lactating women (Lawrence et al, 1986; Goldberg et al, 1991; Adair & Popkin, 1992; Forsum et al, 1992; Guillermo-Tuazon et al, 1992; Piers et al, 1995; Dewey, 1998; Butte et al, 1997 Butte et al, , 1999 Krebs et al, 1997; Motil et al, 1998; Spurr et al, 1998) , but there have been few longitudinal studies continuing beyond 6 months postpartum (van Raaij et al, 1990; Adair & Popkin, 1992; Motil et al, 1998) . What is unique about the present study is that the women were lactating throughout the 13 months follow-up and were severely malnourished.
Using the WHO BMI classi®cation of chronic malnutrition, nearly all 15 subjects were under 18.5 BMI throughout the study period, and between 4 and 10 were below a BMI of 17, the cut-off of chronic malnutrition (Shetty & James, 1994) .
The relationship between lactation and weight change in well-nourished women is variable. Some studies have found a weight loss, corresponding to a fat mass reduction (Forsum et al, 1992; Motil et al, 1998; Butte et al, 1999) , and others no change (van Raaij et al, 1990; Goldberg et al, 1991; Lovelady et al, 1995) , because of increased energy intake to compensate for lactation. In the present study the women lost weight between 3.5 and 5.5 months postpartum, most of which was fat-free mass, but there was also a reduction in suprailiac skinfold thicknesses. A study of poor rural Philippino lactating women (Guillermo-Tuazon et al, 1992) showed a decrease of 0.7 kg between 3 and 6 months postpartum, mostly as a result of fat loss (0.5 kg). However the Philippino subjects had, on average, higher fat mass reserves than the Bangladeshi subjects (26.5% vs 16.8% respectively). Our results suggest that women with very low fat stores do not maintain their fat-free mass to compensate for the extra energy cost of lactation during the ®rst 6 months postpartum. Figure 1 Relationship between total energy expenditure (TEE) and fatfree mass (FFM) among lactating Bangladeshi women.
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At the time of postpartum, the mean energy balance was negative (7242 kJaday). Furthermore, the tea-pluckers showed greater fat-free mass loss (71.3 kg) than housewives (71 kg) and the tea-pluckers had a higher energy expenditure (9610 + 1555 vs 7631 + 1677 kJaday), which was not compensated by energy intake (8963 + 1734 vs 7767 + 1088 kJaday). After 6 months postpartum, fat mass decreased slightly, whereas fat-free mass was preserved. Furthermore, the nutritional status of the tea-pluckers, which was slightly better at 3.5 months, fell to the same level as the housewives at the end of the study.
Estimation of TEE using the heart rate monitoring method has been used in many studies including lactating women (Lovelady et al, 1995) . The heart rate and doubly labelled water methods give similar results at group level (between 2 and 6% variability), but at the individual level higher differences occur (Livingstone et al, 1990; Spurr et al, 1997) . A potential source of inaccuracy with the heart rate method is the amount of time spent below the¯ex point. Here the women spent around 40% of the day above the¯ex point, which is considered an acceptable proportion when using this method.
Although no method of estimating habitual energy intake in free-living conditions is entirely accurate, the 3 day weighed dietary record has been shown to be reliable for determining mean energy intake within + 10% of usual energy intake for a group of subjects (Basiotis et al, 1987; Bingham, 1987) . To reduce the likelihood of dietary changes the subjects were not informed on which days the food surveys would take place. The energy intake results from the three sessions (8325 + 1504, 8148 + 1676 and 9419 + 1142 kJaday at 3.5, 10 and 13-months, respectively) are well within the range of the TEE (8554 + 1867, 8555 + 1824 and 9004 + 1818 kJaday) and within the range of energy intakes found from other lactating women living in developing countries. Piers et al (1995) found that energy intake ranged between 9090 and 9600 kJaday over 6 months postpartum for well-nourished lactating Indian women weighing 54 kg, using 5 day weighed dietary records. With a 7 day weighed record, Guillermo-Tuazon et al (1992) obtained a range of energy intake of 8670 ± 8710 kJaday between 1.5 and 7.5 months postpartum among poor rural Philippino lactating women with body weight ranging between 45.4 and 46.9 kg.
The energy balance was calculated as the difference between energy intake and TEE. The important scattering of individual data is due to the unavoidable sum of errors in both energy intake and TEE methods of measurement. The energy balance improved between 3.5 and 13 months postpartum (7242 + 2076 and 401 + 2253 kJaday, respectively), mainly because of the signi®cant increase in energy intake at 13 months.
The women's diet was very low in fat, equivalent to 36% (range 16 ± 58%) of the recommended intake for lactating Indian women. However protein intake was within the recommended range. The source of protein was almost entirely vegetarian with rice (45%) and wheat (35%) as the main components, leading to a risk of de®ciency in essential amino acids. Some studies have reported seasonal variations in food quantity and quality due to the timing of the harvest (Abdullah & Wheeler, 1985; Rosetta, 1988; Ferro-Luzzi et al, 1990; Schultink et al, 1990) . Here food availability was principally dependent on the weekly salary of the tea worker and the food sources in the local market. Therefore, the increased energy intake of the subjects at 13 months postpartum does not seem to be due to seasonal factors.
The response to energy de®ciency during lactation has been studied but the results are con¯icting. Some authors have found a decrease in BMR during lactation (Butte et al, 1997) or during seasonal food shortage (Ategbo et al, 1995) in malnourished women (Ferro-Luzzi et al, 1997) , but the apparent decrease disappeared when adjustment was made for body composition. Recent studies have described an enhanced carbohydrate utilization (Butte et al, 1999 ) and a 5% increase in muscular ef®ciency during lactation (Spurr et al, 1998) . The present study was not able to address adaptive effects in relation to lactation. Even so, the subjects generally showed energy de®ciency and, had they developed some metabolic adaptations, these were insuf®cient since weight loss occurred and the women were unable to maintain their fat-free mass between 3.5 and 5.5 months postpartum.
The PAL values (1.93 + 0.35, 1.95 + 0.35 and 2.06 + 0.38 at 3.5, 10 and 13 months respectively) indicate that the women were very active and participated in high cost activities. Such high PAL levels have only been observed in lactating women who live in poor rural areas of developing countries (Singh et al, 1989; GuillermoTuazon et al, 1992; Panter-Brick, 1993) . The group of women who were tea pluckers had a higher mean PAL than the housewives. This is to be expected since tea plucking involves standing for eight or more hours each day, usually with arms above shoulder height picking tea and placing the leaves in a back pack. To receive the basic daily wage women have to pluck 22 kg on each working day. Housework also necessitates some hard work and the women have to draw water from open wells or pump it from tap points and carry it to the house, or walk long distances to collect wood for fuel.
Comparison of tea pluckers and housewives showed that total energy expenditure and intake was higher in pluckers than housewives, but energy balance did not differ signi®cantly between the two groups, although the pluckers were in negative energy balance on all three occasions.
In conclusion, a Bangladeshi sample of breast-feeding mothers studied over 13 months postpartum showed evidence of chronic malnutrition with women living on very low fat diets. All mothers, either housewives or tea pluckers were involved in energy demanding activities. There was a general tendency towards negative energy balance. Mothers lost weight, mainly fat-free mass, over the study period.
